Purpose: The present systematic review was designed to assess whether surgical crown lengthening (SCL) procedure produces stable clinical outcomes for restorative treatment. Methods: Based on the Preferred Reporting Items for Systematic Review and MetaAnalysis (PRISMA) guidelines, a specific PICO question was constructed: "Does the SCL procedure produce stable clinical outcomes for restorative treatment?" Electronic databases (MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, and Cochrane Oral Health Group Trials Register) were searched up to December 2017. The risk of bias was assessed based on the revised recommendations of the Consolidated Standards of Reporting Trials (CONSORT) statement. Forest plots were computed reporting weighted mean difference (WMD) of outcomes and 95% confidence intervals (CI) for crown length (CL), position of gingival margin (PGM), biological width (BW), and bone level changes. Results: Five studies were included. The risk of bias was considered high in all studies. A high degree of heterogeneity was noticed for CL, PGM, and BW. The overall mean difference for CL (WMD = −1.84, 95% CI = −0.103 to 2.05, p = 0.076), PGM (WMD = 0.87, 95% CI = 0.12 to 1.62, p = 0.02), and BW (WMD = −0.11, 95% CI = −2.21 to 1.99, p = 0.91) were not significant at follow-up. The overall mean difference for bone level changes was significant (WMD = 1.64, 95% CI = 1.26 to 2.03, p < 0.001) at follow-up. Conclusion: It remains debatable whether SCL produces gingival rebound, or reestablishes BW and changes in clinical attachment level; however, further studies with low risk of bias randomized CCTs and long-term follow-up are recommended to reliably assess the restorative outcomes of SCL.
Sound periodontal health is a fundamental requirement for long-term success of any restorative procedure. Supragingival placement of margins is generally favored by restorative dentists due to ease in accurate impression, precise detailing of finished restoration, confirmation of marginal integrity, and preservation of periodontal health. [1] [2] [3] However, certain clinical circumstances do not allow the placement of supragingival margins and necessitate subgingival placement of the restorations. 4, 5 The indication for crown lengthening surgery suggests the need for proper access to sufficiently isolate the final prepared margins and to circumvent the consequences of improperly placed restorative margins that may lead to gingival inflammation and consequently periodontal deterioration. 6, 7 Crown lengthening is usually achieved by an apically positioned flap (APF) either with or without osseous resection or gingivectomy. [8] [9] [10] There are significant voids in the knowledge of several procedural aspects and clinical outcomes such as crown length (CL) increase, position of gingival margin (PGM), biological width (BW), bone level changes, probing depth (PD), and clinical attachment level (CAL) regarding esthetic surgical crown lengthening (SCL). A comprehensive review reported that at least 6 months are necessary for stable restorative outcomes. 11 Furthermore, another systematic review concluded outcomes of SCL depend primarily on technical aspects such as flap margin position relative to alveolar bone crest, amount of osseous resection, and tooth root preparation. 12 However, there is no meta-analysis on esthetic SCL and its restorative outcomes. The present systematic review was designed to assess whether the SCL procedure produces stable clinical outcomes for restorative treatment.
Methods

Focused question
Based on the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines, 13 14 Only articles published in English were included in the present review. Articles were included in this systematic review if they met the following inclusion criteria: (Patient) Patients who required crown lengthening surgery in the included studies; (Intervention) SCL procedure that includes APF with osseous resection; (Comparator) Adjacent (non-treated) sites as control; (Outcomes) Outcome measures: increase in CL, PGM, BW, and bone level changes as primary outcomes, with PD and CAL as secondary outcomes; (Study design) Controlled clinical trials (CCTs). In vitro studies, case series, clinical reports, animal studies, letters to the editor, opinion articles, abstracts, review papers, and unpublished articles were excluded.
Search strategy
Electronic and manual literature searches were conducted in the main databases (MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials and Cochrane Oral Health Group Trials Register) from 1965 to December 1, 2017 for articles addressing the focused question. For the PubMed library, combinations of the following controlled terms (MeSH words) were used: ((Crown lengthening) OR (surgical crown lengthening)) AND ((Gingivectomy) OR (Osteoplasty) OR (Ostectomy) AND (Biological width) OR (Free gingival margin) OR (Crown length surgery)). The author independently screened titles and abstracts for eligible papers. If information relevant to the eligibility criteria was not available in the abstract, or if the title was relevant but the abstract was not available, the paper was selected for full reading of the text.
Next, full-text papers that fulfilled the eligibility criteria were identified and included in the review. Reference lists of original studies were hand searched to identify articles that could have been missed during the electronic search. Hand searching of the following journals was performed: Journal of Clinical Periodontology, Journal of Periodontology, and Journal of Periodontal Research. Studies that fulfilled the selection criteria were processed for data extraction.
Data extraction
The information from the accepted studies was tabulated according to the study designs, subject demographics, drop-outs, gender distribution, surgical technique, follow-up period, main outcomes, and clinical periodontal parameters. Data collected were based on the focused question outlined for the present systematic review.
Risk of bias in individual studies
The risk of bias of CCTs was assessed based on the revised recommendations of the Consolidated Standards of Reporting Trials (CONSORT) statement. 15 The risk of bias was estimated for each selected CCT based on the Cochrane Handbook for Systematic Reviews of Interventions: 16 (1) low risk of bias (when all criteria were met); (2) unclear (when ࣙ1 criterion was partially met); and (3) high risk of bias (when ࣙ1 criterion was not met).
Quantitative analysis
In the present review, the primary outcomes were CL, PGM, BW, and bone level changes. Meta-analyses were conducted separately for each of the outlined outcomes. In addition, heterogeneity among the included studies for each outcome was assessed using the Chi-square test and I 2 statistics, and p < 0.05 represents significant heterogeneity. For analyses, if the test indicated substantial or considerable heterogeneity (I 2 > 50%), a random effects model would be used. Otherwise (I 2 ࣘ 50%), a fixed effects model would be applied. 17 Forest plots were computed reporting weighted mean difference (WMD) of outcomes and 95% confidence intervals (CI). The pooled effect was considered significant if p < 0.05. Data unsuitable for quantitative analysis were assessed descriptively. All above statistical analyses were conducted with specialized statistical software (v 15.11.04; MedCalc Software, Ostend, Belgium).
Results
Study selection
After removal of duplicates, a total of 204 titles and abstracts were identified through electronic search. After screening of the titles and abstracts, 194 records were excluded as irrelevant to the PICO question (ĸ score for interassessor agreement at initial screening kappa = 0.93). Thereafter, the search provided 10 final articles. Of these 10 articles, five studies were excluded. After the final stage of selection, five studies 10, [18] [19] [20] [21] were included and processed for data extraction (ĸ score for interassessor agreement at full-text eligibility kappa = 0.95). Figure 1 shows the study identification flow chart according to PRISMA.
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General features of the included studies
Five CCTs were included in the present systematic review (Table 1) . 10, [18] [19] [20] [21] The studies were conducted in India, 18, 19 the United States, 10, 20 and Switzerland. 21 In all studies, 10,18-21 the number of subjects ranged between 18 and 53 individuals with mean age ranging between 28.5 and 39.0 years. The number of teeth included in the studies ranged from 18 to 53. All studies 10, [18] [19] [20] [21] performed osseous resection with APF. The follow-up period in all the studies was a maximum of 6 months. 10, [18] [19] [20] [21] None of the studies reported significant complications during or after the SCL.
Quality of the clinical studies
All included studies were CCTs. 10, [18] [19] [20] [21] The risk of bias was considered high in all CCTs assessed. All CCTs did not estimate the sample size, did not report masking of assessor(s), and methods of allocation concealment. 10, [18] [19] [20] [21] All studies 10,18-21 presented appropriate statistical analysis and description of withdrawals and dropouts.
Clinical parameters in the included studies
The results for clinical parameters are presented in Table 2 . All the studies 10, [18] [19] [20] [21] reported mean PGM and PD, which ranged from 1.57 to 9.4 mm and 1.95 to 2.72 mm at follow-up, respectively. Four studies 10, 18, 20, 21 reported values of mean CL in mm, which ranged from 1.4 to 3.33 mm at follow-up. Biological width was assessed in three studies, [18] [19] [20] ranging from −0.07 to −0.44 mm. Bone level changes were reported by only two studies, 18, 20 and ranged from 1.27 to 3.5 mm. Mean values of CAL ranged from 1.26 to 10.64 mm in three studies. 18, 20, 21 Main outcome of the studies Two studies reported significant tissue rebound following SCL. The tissue rebound was not fully stabilized by 6 months. 10, 18 One study 20 reported that during SCL, the bone level needs to be lowered for placement of the prosthetic margin and reestablishment of the BW. Two studies 19, 21 reported outcomes of APF with osseous resection that produced more stable clinical outcomes as compared to the control group (without APF + ostectomy).
For quantitative data assessment, a meta-analysis was performed. Four studies 10, 18, 20, 21 presented data to be included in the meta-analysis considering the effects of SCL on PGM, three studies 10, 18, 20 for CL, and two studies each for BW 18, 20 and bone level 18, 20 changes, respectively. Significant heterogeneity was observed for all clinical parameters including crown length, PGM, and BW; therefore, a random model was employed. A fixed model was used for bone level changes only. 
Crown length
Considering the effects of SCL, significant heterogeneity for CLI (Q value = 21.4, p < 0.0001, I 2 = 90.67%, Fig 2A) was noticed among test and control sites. The overall mean difference for CL between groups was not significant (WMD = −1.84, 95% CI = −0.103 to 2.05, p = 0.076) at follow-up.
Position of gingival margin
A high degree of heterogeneity for PGM (Q value = 21.5, p = 0.0001, I 2 = 86.07%, Fig 2B) was noticed among both the groups. The overall mean difference for PGM between groups was significant (WMD = 0.87, 95% CI = 0.12 to 1.62, p = 0.02) at follow-up.
Biological width
Considering the effects of SCL on BW, significant heterogeneity for BW (Q value = 27.82, p < 0.0001, I 2 = 96.41%, Fig 2C) was noticed among both groups. The overall mean difference for BW was not significant (WMD = −0.11, 95% CI = −2.21 to 1.99, p = 0.91) at follow-up.
Bone level changes
Considering the effects of SCL on bone level changes, no heterogeneity for bone level changes (Q value = 0.76, p = 0.38, I 2 = 0%, Fig 2D) was noticed among the groups. The overall mean difference for bone level changes was significant (WMD = 1.64, 95% CI = 1.26 to 2.03, p < 0.001) at follow-up.
Discussion
This systematic review aimed to assess whether SCL produces stable clinical outcomes for restorative treatment. The outcomes of the included studies reported significant tissue rebound following SCL that was not fully stabilized by 6 months. Furthermore, during SCL, the bone level needs to be lowered for placement of the prosthetic margin and reestablishment of the BW. In addition, outcomes of APF with osseous resection produced more stable clinical outcomes as compared to the group without APF with osseous resection; however, these outcomes should be interpreted with caution due to a number of factors.
It is noteworthy that different clinical indices were evaluated, with different reference points used for clinical assessments in the included studies. Clinical periodontal parameters verified that treated patients were periodontally sound and compliant in terms of oral hygiene throughout the study period. Only three studies [18] [19] [20] provided information on postoperative biological width. None of these studies confirmed unambiguously whether the postoperative crown length was sufficient for the planned restorative purposes without need for a revision procedure. Furthermore, none of the studies evaluated crownroot ratio or tooth mobility. Except for one study 19 none of the clinical studies compared surgical techniques. Given the reported effect of surgeon expertise on SCL outcomes, 22 the lack of information on surgeon experience in the included studies is another limitation of the existing evidence.
Meta-analyses of the included studies were performed with the available data. In a systematic review by Pilalas et al, 12 no meta-analysis was performed due to the qualitative assessment of heterogeneity; however, this systematic review assessed heterogeneity using χ 2 -test and I 2 statistics that gave more reliable assessments rather than relying only on qualitative assessments. 23 Within the available data limitations, a consistent finding was that significant post-SCL tissue rebound that was not fully stabilized by 6 months resulted in CL increase and that significant reduction of the increased CL obtained at surgery completion was observed during follow-up. 10, 18 Even in studies where mean PGM was stable overall (Z = 2.30; p = 0.022), a nonnegligible percentage of teeth experienced PGM displacement during healing in only one study. 21 These outcomes suggest that both technical and anatomical factors influence SCL outcomes. Therefore, future studies on CLS should report complete details on the surgical technique and provide surface-specific data (involved tooth surface vs. entire tooth), to allow meaningful data extraction in future reviews. The postoperative coronal migration of keratinized gingiva is generally noted following periodontal surgeries. This corresponds to less root surface exposure offering protective advantage. It is difficult to know if restorative dentists are able to provide successful definitive restorations in the presence of postoperative gingival rebound, as none of the included studies reported the outcomes of final restorations at follow-up. Although the effect of gingival rebound may be compensated by removal of crestal bone, its clinical implications remain unclear. Further studies are warranted to test this hypothesis.
Furthermore, the following limitations should be considered regarding the conclusions of the present review. The present systematic review only considered studies in English. This may have resulted in publication bias with potential relevant studies published in other languages being missed. 24 The author suggests that to determine the pre-restorative outcomes using SCL, the follow-up period seems inadequate, and longer follow-up periods may have yielded different outcomes for CL, PGM, BW, and bone level changes. In addition, a high risk of bias was found in all (100%) included studies, 10,18-21 mainly on the sections: sample size calculation, masking of assessors, and internal validity (selection bias). In addition, the small number of included studies is another limitation. These methodological shortcomings should be considered when interpreting the findings of the present study. In light of other methodological aspects in the included studies, 10, [18] [19] [20] [21] it is suggested that SCL to provide stable prerestorative clinical outcomes is still debatable, possibly due to tissue rebound (findings of the included studies). Therefore, high quality studies with long-term follow-up, are warranted to assess the restorative outcomes of SCL.
Conclusion
It remains debatable whether SCL produces gingival rebound, re-establishes biological width, and results in changes in clinical attachment level; however, further studies with low risk of bias randomized CCTs and long-term follow up are recommended to reliably assess the restorative outcomes of SCL.
